Abstract. Flux variability is one of the defining characteristics of Seyfert galaxies, a class of active galactic nuclei (AGN). Though these variations are observed over a wide range of wavelengths, results on their flux variability characteristics in the ultra-violet (UV) band are very limited. We present here the long term UV flux variability characteristics of a sample of fourteen Seyfert galaxies using data from the International Ultraviolet Explorer acquired between 1978 and 1995. We found that all the sources showed flux variations with no statistically significant difference in the amplitude of UV flux variation between shorter and longer wavelengths. Also, the flux variations between different near-UV (NUV, 1850 − 3300 Å) and far-UV (FUV, 1150 − 2000 Å) passbands in the rest frames of the objects are correlated with no time lag. The data show indications of (i) a mild negative correlation of UV variability with bolometric luminosity and (ii) weak positive correlation between UV variability and black hole mass. At FUV, about 50% of the sources show a strong correlation between spectral indices and flux variations with a hardening when brightening behaviour, while for the remaining sources the correlation is moderate. In NUV, the sources do show a harder when brighter trend, however, the correlation is either weak or moderate.
Introduction
Active galactic nuclei (AGN) with observed bolometric luminosities of around 10 11 − 10 14 L , and that include Seyfert galaxies amongst its class, are believed to be powered by accretion of matter onto super massive black holes residing at the centres of galaxies (LyndenBell 1969, Rees 1984) . According to the standard picture, accretion leads to the formation of accretion disk that emits black body radiation. The observed ultraviolet (UV)/optical radiation in AGN is well represented by the superposition of several multi-temperature black body components (Frank et al. 2002 ) and the observed big blue bump (BBB) in AGN spectra is often attributed to the accretion disk.
AGN are known to show flux variations since their discovery and is now considered one of their defining characteristics. (Ulrich et al. 1997 , Wagner & Witzel 1995 . Such flux variations are seen on a range of time scales from a fraction of hours to years over the complete electromagnetic spectrum from low energy radio to high energy γ-rays (Wagner & Witzel 1995 , Ulrich et al. 1997 , Zhang et al. 2017 , Giveon et al. 1999 ). In spite of having a wealth of monitoring data on large samples of AGN with varying time resolutions through time domain surveys as well as dedicated monitoring programs, the physical mechanisms that cause AGN flux variations are still not well understood. Though different physical processes contribute to the emission at different wavebands, the UV-optical emission is believed to be emitted from an optically thick and geometrically thin accretion disk (Frank et al. 2002) . Therefore, study of flux variations in the UV/optical bands can enable one to understand the processes happening in the accretion disk of AGN in particular in the nonblazar category of AGN.
Earlier efforts on the study of UV variations in AGN, were by Paltani & Courvoisier (1994) who carried out a systematic analysis of the flux variations in the UV of different classes of AGN using data from the international Ultraviolet Explorer (IUE) covering the period 1978 − 1991. Also, UV variability of blazars has been studied using IUE data (Edelson et al. 1991 , Edelson 1992 . According to their analysis, blazars show stronger variability at shorter wavelengths than at longer wavelengths. Subsequent to the work of Paltani & Courvoisier (1994) , Welsh et al. (2011) carried out a systematic study of the UV variability of a large number of AGN using data from the Galaxy Evolution Explorer (GALEX) data base. According to Welsh et al. (2011), c Indian Academy of Sciences 1 the UV variability of quasars is much more than their optical fluctuations and among the UV bands, the variability observed in the far-UV (FUV; 1344−1786 Å) band is larger than the variability in the near-UV (NUV; 1771−2831 Å) band with is also similar to that found by Paltani & Courvoisier (1994) . The analysis of Paltani & courvoisier (1994) failed to find any significant differences between the UV properties of radio-loud and radio-quiet quasars prompting the authors to suggest that the UV emission from AGN is independent of the radio emission properties. Studies of optical flux variations in different categories of AGN indicate, blazars tend to show large amplitude and high duty cycle of variability within a night compared to other radio-loud and radio-quiet AGN (Stalin et al. 2004 ). On year like time scales, among Seyfert galaxies in the optical band, radio-loud sources are more variable than their radioquiet counterparts (Rakshit & Stalin 2017 ). Short time scale UV flux variations of the order of 1000 to 10000 seconds were found in the Seyfert Paltani & Walter (1996) using IUE observations observed that the spectra of Seyfert galaxies vary with time and they become flatter when the source brightens. To explain the observations, they proposed a two component model wherein the UV flux variations consist of a variable component with a constant spectral shape and a non-variable component from the small blue bump (SBB). Also, there are reports that claim the constancy of UV spectral shape during flux variations of AGN (D. Alloin et al. 1995 , RodriguesPascual et al. 1997 ). As we have limited studies on the UV flux variability characteristics of AGN both in long term as well as short term, it is of great importance to expand the studies on the already known UV flux variability nature of AGN to a larger sample of sources, and having data for a longer duration of time than that analysed before by Paltani & Walter (1996) . Towards this, we have carried out a statistical analysis of the UV variability of a sample of Seyfert galaxies, a category of AGN for which sufficient data is available and focussed mainly on the FUV (1150−2000 Å) and NUV (1850−3200 Å) flux variations.
Sample and Data
Our sample of Seyfert 1 galaxies was taken from Dunn et al. (2006) who have provided continuum light curves in different wavebands for a sample of 175 Seyfert galaxies as part of the Program in Extra Galactic Astronomy (PEGA) 1 . The data towards this compilation were taken from the observations carried by IUE between the period 1978 to 1995. In this database, Dunn et al. (2006) have provided continuum flux measurements at three line free regions in the spectra of each of the Seyfert galaxies. In IUE spectra, the NUV and FUV cover the wavelength regions 1850−3200 Å and 1150−2000 Å respectively. For most of the sources, flux measurements are available in three NUV passbands (2200, 2400 and 2740 Å) with bin sizes of 50, 60 and 30 Å and three FUV passbands (1355, 1720 and 1810 Å) with bin sizes of 30, 30 and 50 Å. For this study, we have downloaded the light curves for all the Seyfert galaxies that are available in the PEGA database and we applied the following conditions to select the light curves for further analysis:
1. The sources must have data from the two cameras of IUE namely the short wavelength prime (SWP) and long-wavelength prime (LWP).
2. The total number of points (that includes all the three continuum passbands in FUV and NUV) must be larger than 50
The above two conditions lead us to a final sample of 14 Seyfert galaxies spanning the redshift range 0.002 < z < 0.07. Of the 14 selected Seyfert galaxies, one galaxy (NGC 1068) belongs to the Seyfert 2 category (having narrow permitted and forbidden lines), while the remaining 13 sources belong to the Seyfert 1 category with broad permitted lines and narrow forbidden lines. The details of the objects selected for this study are given in Table 1 . In this table, the total in column 7 refers to the total number of photometric points for a source in all the six passbands together. The entries against λ 1 , λ 2 and λ 3 in SWP and LWP columns refer to the central wavelength used for the photometry and N NUV and N FUV give the number of points in each of the NUV and FUV passbands.
The observed flux values in all the six passbands were corrected for galactic extinction using the A V values taken from NED 2 which uses Schlafly et al. (2011) and the extinction law evaluated in the UV range using the formalism given by Cardelli et al. (1989) . The galactic extinction corrected flux values were then subjected to further analysis. We note here that the measured flux values were not corrected for extinction due to the host galaxies of the sources. The light curves in all the FUV and NUV passbands for the sources are given in Fig. 1 through Fig. 5 . In these figures, the quoted wavelengths are in the observed frame of the sources. The present sample analysed here has some overlap with that reported by Paltani & Walter (1996) . The sample analysed by Paltani & Walter (1996) has 15 sources that includes Seyfert galaxies, radio-loud as well as radio-quiet quasars. Their analysis was based on IUE data collected upto 1991. Our sample analysed here contains 14 Seyfert galaxies using data from IUE upto 1995. Though there are 10 sources in common to the sample reported here and that of Paltani & Walter (1996) , the data analysed here is more extended in terms of the number of epochs and the total duration (1978−1995) compared to Paltani & Walter (1996) who have analysed data from IUE until 1991.
Flux variability
For all the 14 sources selected based on the criteria outlined above, we carried out analysis to characterise their variability. This was done by calculating their normalized excess variance defined in Vaughan et al. (2003) as
where S 2 and σ 2 err are the sample variance and average error defined as
The error in F var was calculated again using Vaughan et al. (2003) and is defined as
Majority of the sources in our sample, have overlapping coverage in FUV and NUV passbands except for five sources, namely, 3C 120, 3C 390.3, NGC 3516, NGC 7469 and NGC 4051. This is evident in the light curves of these sources shown in Figs. 1, 3 and 5. Because of this, for calculating F var , we have considered only those duration of the light curves that have overlapping coverage in both FUV and NUV passbands. The calculated F var values for all the sources in each of the six continuum passbands are given in Table 2 . A source is considered variable if its F var is greater than zero, and it is significant at the one sigma level. In all instances in our sample, F var is many times greater than their associated errors except in four cases where it is less than three times their associated errors. Among these four too, in two cases F var is more than two times their associated errors and in the remaining two cases it is between one and two sigma. We therefore argue that all the sources in the sample analysed here are highly variable in all the six passbands, except in four instances where the variability is less significant. The mean F var values in all the six passbands for all the sources studied here is shown in Table 3 . There is an indication that the variations at the shorter wavelengths are larger than those at the longer wavelengths, but the larger error bars preclude us to draw any firm conclusion on the differences in variability between different wavelengths. Clubbing the F var values in the three SWP passbands together as SWP and the three LWP passbands together as LWP, we obtained simple average values of F var as 0.392 ± 0.196 and 0.293 ± 0.152 for SWP and LWP respectively. The total number of F var values are thus 42, in each of the SWP and LWP passbands. The distributions of F var for SWP and LWP and their cumulative distributions are given in Fig. 6 and Fig. 7 respectively. The average value of F var is larger in SWP than in LWP, however, as the error bars are larger we carried out a two sample KS test. The null hypothesis that was tested was that the two independent F var values pertaining to SWP and LWP were drawn from the same distribution. This null hypothesis was accepted as D was lesser than the critical value of D (D crit ). . Data analysed here do indicate that variations at the shorter wavelengths are larger than that at longer wavelengths, however, due to the quality of the data, the error bars are too large to draw any conclusion on variation of amplitude of variability with wavelength. Results of the analysis of variability. The entries in columns 2, 3 and 4 are for the FUV bands, while the entries in columns 5,6 and 7 are for the NUV bands. Columns 8 and 9 give the mean α in SWP and LWP, and the last column gives the mean α estimated using IUE data covering the range of 1150 -3200 Å and taken from Paltani & Walter (1996) Name 
Correlation between variability and other physical properties

F var and L bol
To find for the presence of any correlation between F var and bolometric luminosity (L bol ), we plot in Fig. 8 the variation of F var with L bol . The F var values used in this correlation analysis is for the NUV band for the passband 2806 ± 64 Å. We used the relation L bol = 13.2×L V given by Elvis et al. (1994) . Here, L V is the luminosity in the V-band which was derived using the V-band magnitude of the sources taken from SIMBAD 3 , the zero-points taken from Bessel (1979) and the luminosity distance taken from NED 4 . Using all the F var values, we found indication of no correlation between F var and L bol with a low correlation coefficient of −0.08 and a probability of no correlation of P = 0.79. This trend for no correlation between F var and L bol is due to one low luminosity source NGC 4051. Neglecting this source and doing a linear least squares fit to the data gave evidence for a mild negative correlation between F var and L bol . The linear least square fit is shown as a dashed line in Fig. 8 . Correlation analysis indicates a mild negative correlation with a correlation coefficient of −0.39 with a probability of no correlation of P = 0.19. This is in agreement with what is known in literature. Using IUE data, Paltani & Courvoisier (1997) found an anti- Table 4 : Results of the linear least squares fit between the variation of spectral indices and the fluxes at the shortest wavelength in NUV and FUV bands. The columns r and P are the correlation coefficient and probability respectively. found two different correlations between variability and luminosity. For time lags greater than 100 days, variability is negatively correlated with luminosity, while for time lags lesser than 100 days, variability is positively correlated with luminosity. The data analysed here too reveal a negative correlation between UV variability and luminosity. However, quality UV data (with similar time resolution and uniform coverage in both FUV and NUV) on a larger sample of sources are needed to firmly establish this finding.
F var and M BH
Correlation between optical variability and black hole (BH) mass has been widely studied in the optical with no clear consensus. ) could not find any correlation between optical variability and BH mass. From the data set analysed here, we looked for the existence of any correlation between UV variability and BH mass. In Fig. 9 we show the correlation between F var and M BH where we found hint for a positive correlation between F var and M BH . Correlation analysis gave a Pearson rank correlation coefficient of 0.18 with a probability for no correlation of 0.54. The F var values used in this correlation analysis too is in NUV for the passband 2806 ± 64 Å.
Spectral variability
To know the spectral variability nature of the sources studied here, we examined the change in the spectral index relative to the flux of the sources. The optical to UV continuum slope of an AGN can be well represented as a power law, F ν ∝ ν −α , where F ν is the observed flux density and α is the spectral index. For each of the sources studied here, we have observations in six UV passbands. We therefore calculated the spectral index by fitting a power law of the form
For NUV, α was determined using the above power law fit to three measurements and for FUV again three measurements were used to derive α. The variation of α thus deduced against the flux of the sources in both SWP and LWP are shown in Fig.10 and Fig.11 respectively. For SWP, we selected the shortest wavelength of three and for LWP too, we selected the shortest wavelength of the three observations. This is only for the purpose of defining the flux values. For the analysis of correlation between α and flux, we considered only those points where the error in α and flux values are lower than the associated values of α and fluxes. The data were fit with a straight line by (i) assigning equal weight to all the points and (ii) taking into account the errors in both α and flux values. The un-weighted linear least squares fits are shown by dashed lines in Fig. 10 and Fig. 11 , while the weighted linear least squares fits are shown by solid lines. From weighted linear least squares fit to the data we find that, for most of the sources, their spectra do not show any significant changes during the flux variations, however, for few sources, we found clear evidence of a hardening of the spectra with increase in flux. For some sources, we see structures in the variation of α with flux. The spectrum is found to harden with increasing flux, however, limited to certain moderate flux values, beyond which the spectrum is nearly steady showing no change with flux. This is seen in the sources NGC 3783, NGC 4151, NGC 4593 and Fairall 9 in SWP. In LWP, this is evident in the sources NGC 4151 and Fairall 9. The results of the linear least squares fit to the variation in α with flux is shown in Table 4 . In FUV about 50% of the sources showed a harder when brighter trend. The remaining sources too showed a harder when brighter behaviour but the correlation is moderate. The weighted and unweighted linear least squares fit show similar trend for most of the sources, with the largest mismatch seen in Mrk 478. In the NUV band there is moderate correlation between α and the flux with a trend for a harder when brighter behaviour. Here too, large discrepancy between weighted and un-weighted linear least squares fits is seen in sources such as Mrk 478, NGC 4593 and 3C 390.3. These results to a large extent agree with the analysis of the UV continuum emission in AGN by Sakata et al. (2011) who too found a bluer when brighter trend in their sample. Similar conclusion was also arrived at by Wilhite et al. (2005) and Vanden Berk et al. (2004) in the optical band. Our results for a majority of the sources are also consistent with the observations of Paltani & Walter (1996) who found that the UV spectra of Seyfert galaxies becomes flatter with increased brightness of the sources. To explain these observations, Paltani & Walter (1996) proposed the two component model. According to this model, the observed flux is a superposition of two distinct spectral components, with constant spectral shapes. One component is flux variable while the other one is stable and the observed continuum variation is driven by the amplitude of the varying component. For some sources in our sample such as NGC 3783, NGC 4151, NGC 4593 and Fairall 9, we in fact observed a constancy of the spectral index with increasing flux, however, only beyond certain flux levels in them. This points to the complex nature of UV flux variations in AGN (cf. Paltani & Walter (1996) . The mean values of α for the sources in SWP and LWP are given in Table 2 . Also, given in the same table are the mean α values reported by Paltani & Walter (1996) estimated using IUE spectra covering the wavelength range of 1150 − 3200 Å. For the sources that are in common between this study and that of Paltani & Walter (1996) the mean α values are similar, though the data analysed here is much more than that of Paltani & Walter (1996) .
Lag between different wavebands
To check for inter-band time lags we used the discrete correlation function (DCF) technique of Edelson & Krolik (1988) . The cross-correlation analysis was done between the light curves of the shortest and longest wavelengths in both FUV and NUV for all the sources. We show in Fig.12 the results on one correlation analysis for the object Fairall 9 carried out between the light curves at 2203 and 2868 Å. Here, the filled circles are those evaluated using the DCF method and the solid line is that obtained using the interpolated cross correlation function (ICCF) described in detail in Gaskell & Sparke (1986) and Gaskell & Peterson (1987) . To evaluate the uncertainty in the derived lag, we followed a model independent Monte Carlo approach that incorporated both flux randomization (FR) and random subset sampling (RSS) described in Peterson et al. (1998) . For each Monte Carlo iteration we found the lag using the centroid of the CCF utilizing all points within 60% of the peak of the CCF in the case of DCF. However, for ICCF the peak of the CCF was considered as a representation of the lag between the light curves. This was repeated for 10,000 times and the distribution of the CCF lags were obtained for both DCF and ICCF methods. The mean of the distributions were taken to represent the lag between the light curves and the spread in the distributions was used to estimate the error in the lag. The distributions obtained using both using DCF (green histogram) and ICCF (black histogram) are given in Fig. 12 for the source Fairall 9. We found no noticeable time lag between flux variations in NUV and FUV bands, though the flux variations between different NUV and FUV bands were correlated. This analysis repeated for all the sources studied here, yielded no measurable lags in any of them.
Conclusion
In the present work, we report the variability of fourteen Seyfert galaxies in the UV band using data from IUE acquired over a period of about 17 years. The flux values for the sources studied here in different NUV and FUV bands were taken from Dunn et al. (2006) . Various analysis were performed to characterize the flux variability of the sources. The summary of the work is given below 4. Majority of source showed a bluer when brighter trend in the FUV data, however, such trend if any in NUV band is seen only in a minority of the sources that too moderately. Some sources showed a hardening of the spectrum with flux, however, the spectrum remained non-variable beyond certain flux level. The observed spectral variations are thus complex.
